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1.0  INTRODUCTION 


• 

The  vork  reported  herein  was  conducted  by  the  Arnold  Engineering 
Development  Center  (AEDC) ,  Air  Force  Systems  Command  (AFSC) ,  under 
Program  Element  61102F,  Control  Number  2300-99-9,  at  the  request  of  the 
Air  Force  Office  of  Scientific  Research^  (AFOSR/NA) ,  Bolling  Air  Force 
Base,  Washington,  D.C.  for  the  Air  Force  Flight  Dynamics  Laboratory 
(AFFDL/FXG),  Wright-Pat terson  Air  Force  Base,  AFSC,  Wright-Patterson 
Air  Force  Base,  Ohio.  The  AFOSR/NA  project  monitor  was  Dr.  James 
Wilson  and  the  AFFDL/FXG  project  monitor  was  Mr.  Kenneth  Stetson. 

The  results  were  obtained  by  ARO,  Inc.,  AEDC  Division  (a  Sverdrup 
Corporation  Company) ,  operating  contractor  for  the  AEDC,  AFSC,  Arnold 
Air  Force  Station,  Tennessee.  The  test  was  conducted  in  the  von  Karman 
Gas  Dynamics  Facility  (VKF) ,  Tunnel  B  during  the  period  September  21 
through  25,  1979,  under  ARO  Project  No.  V41B-B2. 

The  test  objective  was  to  experimentally  identify  the  turbulence 
mechanism  within  a  laminar  boundary  layer  which  promotes  boundary-layer 
transition  on  a  blunt  body  of  revolution  In  a  hypersonic  stream.  To 
accomplish  this,  flow  field  surveys  were  obtained  at  a  free-stream  Mach 
number  of  8  using  a  probing  system  instrumented  with  a  hot-wire  anemometer, 
a  total  temperature  probe,  and  a  pitot  pressure  probe.  The  model  con¬ 
figuration  used  was  a  7-deg  (half-angle)  cone  with  four  interchangeable 
nosetlps  of  various  bluntness  (sharp,  3%,  10%,  and  40%  referenced  to  the 
base  radius).  Tests  were  conducted  at  a  single  free-stream  unit  Reynolds 
number  for  each  bluntness  configuration  ranging  from  1.0  to  3.5  x  10° 
per  foot.  All  surveys  were  made  at  zero~angle  of  attack  at  equilibrium 
vail  temperatures  (TW/TT  of  approximately  0.75).  Model  surface  pressure, 

:  heat- transfer,  end  temperature  distributions  were  also  obtained. 

Inquiries  to  obtain  copies  of  the  test  data  should  be  directed  to 
AFFDL/FXG,  Wright-Patterson  Air  Force  Base,  Ohio  45433.  A  microfilm 
record  has  been  retained  in  the  VKF  at  AEDC* 


2,0  APPARATUS 


2.1  TEST  FACILITY 

Tunnel  B  (Fig.  1)  is  a  closed  circuit  hypersonic  wind  tunnel  with  a 
1 50-in. -d lam  test  section.  Two  axisyrametric  contoured  nozzles  are  available 
to  provide  Mach  numbers  of  6  and  8  and  the  tunnel  may  be  operated  contin¬ 
uously  over  a  range  of  pressure  levels  from  20  to  300  psia  at  Mach  number 
6,  and  50  to  900  psia  at  Mach  number  8,  with  air  supplied  by  the  VKF 
main  compressor  plant.  Stagnation  temperatures  sufficient  to  avoid  air 
liquefaction  in  the  test  section  (up  to  1350°R)  are  obtained  through  the 
use  of  a  natural  gas  fired  combustion  heater.  The  entire  tunnel  (throat, 
nozzle,  test  section,  and  diffuser)  is  cooled  by  Integral,  external 


water  Jackets.  The  tunnel  Is  equipped  with  a  model  Injection  system, 
which  allows  removal  of  the  model  from  the  test  section  while  the  tunnel 
remains  in  operation.  A  description  of  the  tunnel  may  be  found  in  the 
Test  Facilities  Handbook,  Ref.  1. 


2.2  TEST  ARTICLE 


The  basic  model  configuration  wa9  a  7-deg  half-angle  cone  with  a 
virtual  length  of  40  in.  as  shown  in  Fig.  2.  Model  nose  bluntnesses 
of  0.150-in.  (3%  bluntness),  0.500-in.  (10%  bLuntness),  and  2.000-in. 

(40%  bluntness)  radius  were  tested  in  addition  to  the  baseline  sharp 
nose  (RN  =  0.0015  in.)  configuration.  Model  components  were  fabricated, 
from  type  304  stainless  9teel  at  the  AEDC. 

The  model  was  Instrumented  with  pressure  orifices  and  coaxial  surface 
thermocouple  gage3.  Table  1  (Appendix  II)  lists  the  instrumentation 
locations  and  IndLcates  that  the  top  centerline  (0  =  0)  was  the  main  ray 
of  pressure  Instrumentation  and  the  bottom  centerline  (0  *  180  deg)  was 
the  only  ray  instrumented  with  thermocouple  gages.  Pressure  orifices 
were  also  Installed  on  the  0  -  180  and  270  deg  rays  at  three  additional 
axial  stations . 

A  model  Installation  photograph  is  presented  in  Fig.  3. 

2.3  FLOW  FIELD  SURVEY  MECHANISM 

Surveys  of  the  flow  field  were  made  using  a  retractable  survey 
system  (X-2  Survey  Mechanism)  designed  and  fabricated  by  the  VKF.  This 
mechanism  makes  it  possible  to  change  survey  probes  while  the  tunnel 
remains  in  operation.  The  mechanism  Is  housed  in  an  air  lock 
immediately  above  a  port  in  the  top  of  the  Tunnel  B  test  section. 

Access  to  the  test  section  is  through  a  40-in. -long  by  4-in. -wide 
opening  which 'can  be  sealed  by  a  pneumatically-operated  door  when  the 
mechanism  is  retracted.  Separate  drive  motors  are  provided  to  (1) 

,  insert  the  mechanism  into  the  test  section  or  retract  it  into  the 
.  housing,  (2)  position  the  mechanism  at  any  desired  axial  station  over 
a  range  of  35  in.  and  (3)  survey  a  flow  field  of  approximately  10-in. 

!  depth.  The  survey  mechanisms  were  used  in  combination  to  traverse 
j  the  probes  across  the  flow  field.  A  pneumatically-operated  shield  was 
provided  to  protect  the  probes  during  Injection  and  retraction  through 
•the  tunnel  boundary  layer,  during  changes  in  tunnel  conditions,  and  at 
times  when  the  probes  were  not  in  use. 
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2.4  FLOW  FIELD  PROBES 


The  pitot-pressure  probe  was  made  by  flattening  a  0.025-in.  O.D. 
(0.020  I.D.)  tube,  as  shown  in  Fig.  4a,  which  produced  a  probe  tip 
thickness  of  0.011  in.  with  an  open  slit  height  of  0.006  in.  Th.e  tube 
behind  the  orifice  tube  was  bent  in  such  a  manner  as  to  hold 

the  probe  alignment  parallel  to  the  model  surface  during  the  surveying 
sequence . 

The  hot-wire  anemometer  probes  were  fabricated  by  the  VKF. 
Platinum-10%  rhodium  wires,  drawn  by  the  Wollaston  process,  of  20— |j  in. 
nominal  diameter  and  approximately  150  diameters  length,  were  attached 
to  sharpened  3-mil  nickel  wire  supports  using  a  bonding  technique 
developed  by  Philco— Ford  Corporation  (Ref.  2).  The  wire  supports  were 
inserted  in  an  alumina  cylinder  of  0.031- in.  diam  and  0.25-in.  length, 
which  was,  in  turn,  cemented  to  an  alumina  cylinder  of  0.094- in.  diam 
and  3.0— in.  length  that  carried  the  hot-wire  leads  through  the  probe 
holder  of  the  survey  mechanism. 

The  unshielded  total  temperature  probe  was  fabricated  by  the  VKF 
from  a  length  of  sheathed  thermocouple  wire  (0.010-in.  O.D.)  with  two 
0.0015- in.  diameter  wires.  The  wires  were  bared  for  a  length  of  about 
.  0.015  in.  and  a  thermocouple  junction  of  approximately  0.007- in.  diam  was 
l?ade.  Details  of  this  probe  are  shown  in  Fig,  4b. 
i 

A  sketch  of  the  survey  probe  rake  used  during  the  test  is 
illustrated  in  Fig.  5. 

2.5  TEST  INSTRUMENTATION  ..  .... 

«  « 

2.5.1  Tunnel  Conditions 

,  measuring  devices,  recording  devices,  and  calibration  methods 

l!for  all  measured  parameters  during  this  test,  with  the  exception  of  the 
-.hot-wire  anemometer  instrumentation,  are  listed  in  Table  2  along  with 
the  estimated  measurement  uncertainties.  The  uncertainties  in  the 
■  stilling  chamber  properties,  as  itemized  in  this  table,  are  used  in 
conjunction  with  previously  established  nozzle  Mach  number  calibrations 
as  the  basis  for  defining  the  uncertainties  in  the  test  section 
properties.  Also  identified  in  Table  2  are  the  standard  wind  tunnel 
instruments  and  measuring  techniques  used  to  define  such  test  parameters 
as  the  model  attitude,  the  model  surface  pressures,  probe  positions,  and 
probe  measurements.  The  following  additional  special  instrumentation 
was  also  used  in  support  of  this  test  effort. 
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2.5.2  Model  Surface  Hear  Transfer  Measurements 

Coaxial  surface  thermocouple  gages  were  used  to  measure  the  model 
surface  heating  rates  and  surface  temperatures.  The  coax  gage  consists 
of  an  electrically  insulated  Chrome l®center  enclosed  in  a  cylindrical 
Constantan  sleeve.  After  assembly  and  installation  in  the  model,  the 
gage  materials  are  blended  together  with  a  file  creating  thermal  and 
-  electrical  contact  in  a  thin  layer  at  the  surface  of  the  gage.  The 
gage  is  used  to  monitor  the  surface  temperature  time  history  at  a  rate 
of  IS  points  per  second.  Assuming  the  surface  thermocouple  behaves  as 
a  homogeneous,  one- dimensional,  semi-infinite  solid,  its  temperature 
time  history  can  be  used  to  define  the  corresponding  time  history  of 
the  incident  heat  flux.  A  complete  description  of  this  gage  and  the 
data  reduction  procedure  can  be  found  in  Refs.  3  and  4.  The  recording 
and  calibrating  procedures  for  this  type  gage  are  summarized  in  Table  2. 

2.5.3  Hot-Wire, Anemometry 


Flow  fluctuation  measurements  were  made  using  hot-wire  anemome try 
techniques.  The  constant- current  hot-wire  anemometer  instrumentation 
with  auxiliary  electronic  equipment  was  furnished  by  the  VKF.  The  an¬ 
emometer  current  control  (Philco-Ford  Model  ADP-13)  which  supplies  the 
heating  current  to  the  sensor  is  capable 'of  maintaining  the  current  at 
any  one  of  15  preset  levels  individually  selected  using  push-button 
switches.  The  anemometer  amplifier  (Philco-Ford  Model  ADP-12)  which 
amplifies  the  wire-response  signal  contains  the  circuits  required  to 
electronically  compensate  the  signal  for  thermal  lag  due  to  the  finite 
heat  capacity  of  the  wire.  A  square-wave  generator  (Shapiro /Edwards 
Model  G-50)  was  used  in  determining  the  time  constant  of  the  sensor 
whenever  required.  The  sensor  heating  current  and  mean  voltage  were 
fed  to  autoranging  digital  voltmeters  for  a  visual  display  of  these 
parameters  and  to  the  VKF  Bell  and  Howell  model  VR3700  B  magnetic  tape 
machine  for  recording.  The  sensor  response  a-c  voltage  was  fed  to  an 
oscilloscope  for  visual  display  of  the  raw  signal  and  to  a  wave  analyzer 
(Hewlett-Packard  Model  8553B/8552B)  for  visual  display  of  the  spectra  of 
the  fluctuating  signal  and  was  recorded  on  magnetic  tape  for  subsequent 
analysis  by  the  VKF.  A  detailed  description  of  the  hot-wire  anemometer 
Instrumentation  is  given  in  Ref.  5. 

The  analog  response  signals  from  the  hot-wire  anemometer  were 
recorded  on  the  VKF  Bell  and  Howell  model  VR3700  B  magnetic  tape  machine 
in  the  FM  mode.  Each  channel  was  calibrated  and  adjusted  to  have  a 
signal-to-noise  ratio  of  35  db  for  a  1.000  volt  rms  output.  The  tape 
machine  frequency  response  was  +1  to  -3  db  over  a  d-c  frequency  range 
to  500  kHz.  In  the  present  calibration,  a  sine  wave  generator  was  used 
to  check  each  channel  at  several  discrete  frequencies,  using  an  rms- 
voltmeter  which  is  periodically  checked  on  1,  10,  and  100  volt  ranges. 
All  magnetic  tape  recordings  were  made  at  a  tape  speed  of  120  in. /sec. 
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.3.0  TEST  DESCRIPTION 
3.1  TEST  CONDITIONS  AND  PROCEDURES 


3.1.1  General 


A  summary  of 

the  nominal 

test  conditions 

is  given  below. 

K  PT,  psia 

TT.  “R 

PT2,  psia 

p»  £sla 

RE/FT  x 

8.0  22S 

1350 

1.91 

0.023 

1.0 

1  ■  580 

1 

4.92 

0.060 

2.5 

f  800 

1 

6.79 

0.082 

3.5 

A  test  summary  showing  all  configurations  tested  and  the  variables 
for  each  is -presented  In  Table  3. 

In  the  VKF  continuous  flow  wind  tunnels  (A,  B,  C) ,  the  model  Is 
mounted  on  a  sting  support  mechanism  in  an [installation  tank  directly 
underneath  the  tunnel  test  section.  The  tank  is  separated  from  the 
tunnel  by  a  pair  of  fairing  doors  and  a  safety  door.  When  closed,  the 
fairing  doors,  except  for  a  slot  for  the  pitch  sector,  cover  the  opening 
to  the  tank  and  the  safety  door  seals  the  tunnel  from  the  tank  area. 

After  the  model  is  prepared  for  a  data  run,  the  personnel  access  door 
to  the  Installation  tank  is  closed,  the  tank  is  vented  to  the  tunnel 
flow,  the  safety  and  fairing  doors  are  opened,  and  the  model  Is  injected 
into  the  airstream,  and  the  fairing  doors  are  closed.  After  the  data 
are  obtained,  the  model  is  retracted  into  the  tank  and  the  sequence  is 
reversed  with  the  tank  being  vented  to  atmosphere  to  allow  access  to  the 
model  in  preparation  for  the, next  run.  The  sequence  is  repeated  for  each 
configuration  change. 

The  probes  were  positioned  during  each  boundary  layer  survey  along 

the  normal  to  the  model  surface  by  an  automatic  stepping  device  which 

was  programmed  for  step  size  and  time  duration. 

*  * 

3.1.2  Data  Acquisition 

A  laminar  boundary  layer  over  the  forward  and  midportions  of  the  body 
with  transition  beginning  near  the  aft  end  was  the  desired  operating 
condition  for  the  equilibrium  wall  temperature  survey  study.  However,  the 
boundary  layer  condition  could  only  be  determined  for  the  cold  wall  case 
(TW/TT-0.4)  because  of  heat  gage  limitations.  The  cold  wall  boundary 
layer  conditions  were  determined  from  heat-transfer  rate  distributions 
obtained  with  the  coaxial  surface  thermocouple  gages.  The  model  was 
injected  into  the  tunnel  flow  and  the  heat  gage  output  recorded  continu¬ 
ously  for  approximately  four  (4)  seconds.  The  model  was  then  retracted 
-and  cooled  by  flowing  air  over  its  surface  to  obtain  a  uniform  wall 
temperature,  near  room  temperature,  prior  to  injection  into  the  tunnel 
flow  for  the  next  run. 
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As  a  result  of  the  requirement  to  have  laminar  flow  over  most  of 
the  model's  surface  at  a  free-stream  Mach  number  of  8,  the  free-stream 
Reynolds  number  was  varied  depending  on  the  blunt  nose  configuration. 

The  sharp  configuration  was  tested  at  a  free-stream  Reynolds  number  of 
1.0  x  10”/ft ,  the  3%  bluntness  at  2.5  x  106/ft,  and  both  the  10%  and 
40%  bluntness  at  3.5  x  10°/ft,  which  is  near  the  maximum  operating 
conditions  in  VKF  Tunnel  B. 

Surface  pressure  distribution  data  were  obtained  on  each  blunt  nose 
configuration  at  the  desired  Mach  number-Reynolds  number  condition. 

Flow  field  surveys  were  obtained  only  after  the  model  had  reached 
a  state  of  temperature  equilibrium.  The  model  was  positioned  in  a  roll 
orientation  (ROLL  =■  -90  Deg)  to  avoid  Interference  of  the  surface 
instrumentation  on  the  flow  field  being  surveyed. 

Mean- flow  .boundary  layer  profiles  were  obtained  on  the  sharp  and 
3%  bluntness  configurations  at  six  stations  (approximately  every  5  inches 
starting  5  inches  from  the  base)  using  pitot  pressure  and  total  temper¬ 
ature  probes.  Similar  mean  flow  profiles  were  obtained  on  the  40% 
bluntness  configuration  at  midbody  and  5  inches  from  the  base.  The 
profiles  extended  from  near  the  model's  surface  to  a  height  of  2  to  3 
&  (boundary  layer  thickness)  in  a  direction  normal  to  the  surface. 
Generally  a  profile  consisted  of  from  20  to  30  points  located  approxi- 
mately  0.010  inches  apart.  Measurements  were  recorded  for  processing 
by  the  data  system  only  after  pressure  stablization  had  been  achieved. 
Model  wall  pressure  and  temperature  data  were  measured  simultaneously 
with  the  probe  data.  Table  4  indicates  the  stations  at  which  surveys 
were  made  on  each  configuration  and  relates  station  distance,  X,  to 
surface  distance. 

The  survey  probe  height  relative  to  the  model  was  monitored  using 
a  high-resolution  (1224  lines/ frame,  30  frames/sec)  closed-circuit 
television  (CCTV)  system  (Fig.  6).  The  camera  was  fitted  with  a  tele^> 
scopic  lens  system  which  gave  a  magnification  factor  of  38  (from  tunnel 
centerline  to  monitor  picture).  The  probe  and  model  were  back- lighted 
using  the  collimated  light  beam  of  the  Tunnel  B  shadowgraph  system  which 
was  aligned  with  respect  to  the  model  just  prior  to  testing.  Calibration 
of  the  system  was  made  using  a  wire  of  0,0095-in.  diameter  positioned  at 
the  test  section  centerline.  Subsequent  measurements  were  made  on  the 
face  of  the  monitor  picture  tube  using  scales  specially  prepared  from  the 
calibration  images.  The  field  of  view  was  approximately  0.3  in.  (axially) 
by  0,2  in.  (vertically)  and  a  spacing  of  0.001  in.  was  easily  discernible. 
The  camera  was  isolated  from  tunnel  vibrations  by  mounting  it  with  the 
optics  Bystem  which  has  a  foundation  separate  from  that  of  the  tunnel. 
Small  vibrations  of  the  model  were  observable,  and,  using  the  calibrated 
viewing  screen,  it  was  possible  to  estimate  the  vertical  motions  of  the 
model  as  being  of  the  order  of  ±0.001  in.  The  probe  vertical  vibrations 
when  present  were  estimated  to  be  of  the  order  of  ±0,002  in.  Positioning 
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of  the  probe  at  a  desired  location  (in  terms  of  X)  on  the  model, 
within  the  field  of  view  of  the  CCTV  system,  was  achieved  using  a 
graticule,  marked  in  0.1  in.  increments  of  X  and  indicating  a  0.1-in. 
distance  normal  to  the  model  surface.  The  graticule  was  viewed  using  the 
Tunnel  U  shadowgraph  system. 

The  primary  test  technique  for  the  present  investigation  was  hot¬ 
wire  anemometryi  and  considerable  effort  was  directed  toward  obtaining 
qualitative  and  quantitative  hot-wire  anemometer  profile  data.  The 
mean  boundary  layer  profile  data  were  necessary  to  define  the  flow 
environment  in  the  vicinity  of  the  hot-wire* 

The  hot-wire  anemometer  profile  surveys  were  of  three  general 
types:  (1)  continuous  traverse  surveys  to  map  a  particular  region, 

(2)  qualitative  boundary  layer  profile  surveys  and  (3)  quantitative 
hot-wire  data  at  particular  point  locations  within  a  survey. 

To  acquire  data  of  the  first  category,  with  the  hot-wire  anemometer 
at  a  single  sensitivity  (heating  current) ,  the  probe  was  swept  in  a 
continuous  manner  from  near  the  model's  surface  outward  to  a  distance 
of  approximately  26.  This  type  survey  was  made  on  the  sharp  configuration 
at  28  stations  starting  near  the  aft  end  of  the  model  and  moving  forward 
in  approximately  one- inch  increments.  Similar  surveys  were  made  on  the 
3%  bluntness  configuration  at  25  stations,  the  10%  configurations  at 
stations,  and  at  3  stations  on  the  40%  bluntness  configuration,  we 
reason  for  fewer  profiles  on  the  blunter  configurations  was  the  difficulty 
with  survival  of  the  hot-wire  probes  in  the  blunt  cone  environment. 

Based  upon  previous  experience,  it  is  believed  that  the  higher  unit 
Reynolds  number  condition  used  for  the  blunt  configuration  was  the 
principal  factor  in  the  wire’s  low  survival  rate. 

The  hot-wire  anemometer  qualitative  boundary  layer  profile  data 
were  obtained  using  a  hot-wire  anemometer  probe  and  a  total  temperature 
probe.  The  general  procedure  was  identical  to  the  mean  flow  boundary 
layer  profile  sequence  with  the  exception  that  much  less  time  was  needed 
for  recording  data  at  each  point  in  the  profile  (no  stabilization  time 
required  as  with  the  pitot  pressure).  This  type  of  profile  was  made 
at  selected  model  stations,  generally  at  three-inch  Intervals  along 
the  model's  surface,  at  a  single  wire  sensitivity  a3  the  wire  was 
traversed  away  from  the  model  in  increments  of  0.010  inches. 

The  continuous-traverse  surveys  with  the  hot-wire  anemometer  were 
generally  characterized  by  a  single  peak  in  the  plot  of  the  anemometer 
response.  The  peak  was  defined  as  the  location  of  the  maximum  distur¬ 
bance  energy  in  the  flow  field  at  the  given  model  axial  station.  At 
each  of  these  peaks,  quantitative  hot-wire  data  were  taken  by  stepping 
through  a  sequence  of  11  wire  sensitivities. 
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Both  the  hot-wire  anemometer  qualitative  boundary  layer  profile  data 
and  the  quantitative  data  at  the  maximum  disturbance  energy  locations 
were  recorded  on  magnetic  tape  at  a  tape  speed  of  120  in. /sec. 

A  calibration  of  the  recovery  factor  of  the  total  temperature  probe 
as  a  function  of  local  Reynolds  number  wa3  made  in  the  free-stream  flow 
of  the  Tunnel  B  test  section.  A  Reynolds  number  variation  was  produced 
by  varying  PT  while  malntaing  TT  at  a  nominally : constant  level.  The 
free-stream  total  temperature  was  assumed  equal  to  the  measured  stilling 
chamber  temperature,  TT.  The  range  of  Reynolds  number  covered  by  a 
typical  calibration  and  that  required  in  the  data  reduction  are  shown 
Ln  Fig.  7.  The  fairing  shown  in  Fig.  7,  a  straight-line  least-squares 
fit  of  the  calibration  data,  was  used  for  the  data  reduction  over  the 
required  range. 

3.1.3  Hot-Wire  Anemometer  Probe  Calibration 

* 

The  evaluation  of  flow  fluctuation  measurements  made  using  hot-wire 
anemometry  techniques  requires  a  knowledge  of  certain  thermal  and  physical 
characteristic's  of  the  wire  sensor  employed.  In  applications  of  the 
hot  wire  to  wind  tunnel  tests  by  the  VKF,  two  complementary  calibrations 
are  used  to  evaluate  the  wire  characteristics  needed.  The  first  cali¬ 
bration  of  each  hot-wire  probe  is  performed  in  the  instrumentation 
laboratory  prior  to  the  testing:  the  probe  is  placed  in  an  oven  and 
the  resistance  of  the  wire  is  determined  as  a  function  of  applied  wire 
heating  current  at  several  oven  temperatures  between  room  temperature 
and  1000°F.  The  wire  reference  resistance  at  32°F,  and  the  thermal 
coefficient  of  resistance,  also  at  32°F,  are  obtained  from  the  results; 
and  the  wire  aspect  (length-to-diameter)  ratio  is  determined,  using  the 
wire  resistance  per  unit  length  specified  by  the  manufacturer  with  each 
supply  of  wire.  Moreover,  it  has  been  found  by  the  VKF  that  the 
exposure  of  the  probe9  to  the  elevated  temperatures  of  the  oven  cali¬ 
bration  often  serves  to  eliminate  probes  with-  inherent  weaknesses. 

Each  probe  used  for  flow  field  measurements  is  calibrated  in  the 
wind  tunnel  free-stream  flow  to  obtain  the  heat-loss  coefficient 
(Nusselt  number)  and  the  temperature  recovery  factor  characteristics 
of  the  wire  sensor  as  a  function  of  local  Reynolds  number.  The  var¬ 
iations  of  Reynolds  number  in  the  free  stream  are  obtained  by  varying 
the  tunnel  total  pressure  PT  while  holding  the  tunnel  total  temperature 
TT  at  a  nominally  constant  level.  The  resulting  relationships  are- 
expressed  in  equation  form  and  are  used  to  determine  the  values  of  the 
various  wire  sensitivity  parameters  required  in  the  reduction  of  the 
quantitative  measurements. 
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3. 4“ "DATA  REDUCTION 


The  various  types  of  data  obtained  during  the  test  entry  are 
-summarized  in  Table  3.  DATA  TYPE  callouts  used  are  2,  3,  4,  6,  9 
pad  Heat  Transfer.  -  .  ' 

• :  .  a  very  limited  quantity  of  hot-wire  anemometer  measurements  is 
j  tabulated  in  the  data  package  accompanying  this  report.  The  only  data 
]  presented  are  the  anemometer  output  rras  voltage  measured  during  the 
'hot-wire  anemometer  qualitative  boundary  layer  profile  series  (DATA 
i-TYPE  3)  and  the  free-stream  conditions  used  in  the  anemometer  probe 
,  ! -calibrations  (DATA  TYPE  9) .  Hot-wire  current'  and  mean  voltage 
1  measurements  are  also  given  for  the  TYPE  9  data.  The  analysis  of  the 
.. — L— hot-wire  anemometer  data  including  modal  and  spectral  analyses  of  the 
j  recorded  signals  is  not  included  in  the  present  report. 

The  mean  flow  boundary  layer  data  (DATA  TYPE  4)  includes  an 
evaluation  of  several  boundary  layer  parameters,  namely:  the  boundary 
layer  thickness,  displacement  thickness,  and  momentum  thickness.  To 
determine  these  parameters  requires  a  knowledge  of  the  surface 
pressure  and  temperature  at  the  survey  station,  the  corrected  total 
temperature  measurement,  a  method  for  defining  the  boundary- layer 
edge,  and  the  height  relationship  between  the  pitot  and  total 
temperature  probes. 


The  model  surface  pressures  used  in  the  boundary-layer  calculations , 
which  are  tabulated  in  TYPES  3  and  4  data  results,  were  determined  using 
a  fairing  of  the  measured  pressure  distributions  (TYPE  2  DATA)  for  the 
case  of  the  3%  'bluntness  configuration,  and  a  fairing  of  measured 
pressure  distributions  extrapolated  with  the  aid  of  theoretical 
solutions  for  regions  where  no  pressure  measurements  were  made  for  the 
remaining  configurations.  The  static  pressure  across  the  boundary 
layer  was  assumed  constant  and  equal  to  the  surface  value  at  each 
survey  station.  The  surface  pressure  distributions  used  are  shown 
in  Fig.  8. 

•  * 

The  surface  temperature  used  was  determined  from  the  measured  surface 
thermocouple  data  in  the  vicinity  of  the  survey  station.  A  three  point 
interpolation  routine  was  used  to  calculate  the  wall  temperature  at  the 
exact  wall  location  using  the  nearest  functioning  thermocouples. 

The  hot-wire  anemometer  probe  was  located  '0. 125  in.  to  the  right 
Of  the  pitot  probe  (looking  downstream  with  the  pitot  probe  in  line  with 
the  model’s  vertical  centerline),  and  the  total  temperature  probe  was 
located  0.125  in.  to  the  left.  Allowance  was  made  for  this  in 
determining  the  height  of  each  probe  off  the  model  surface.  Also,  there 
was  normally  some  misalignment  in  the  vertical  direction,  which  was 
determined  from  the  high  resolution  closed-circuit  television  system 
during  the  test  and  verified  after  the  test  from  photographs  taken  of 


in  Che  tabulates  and  plotted 

data. 

The  boundary-layer  surveys  are  tabulated  In  terms  of  the  pitot 
,  ,  .  n-u  *_  frt,e  total  temperature  probe  measurement 

Corresponding^to  each* pitot  Plight  »aa  '  ' 

^nU^atLnS3cha»e%ollo»eddOntil  aucceasiv. 

pl“i  pcob^was'poaltioued  in  the  probe  head ^  MTOtsd'mal11'  - 
total  temperature  probe  (closer  to  the  model),  SOIface  were 

model  surface  temperature  and  the  corrected  tot 
first  two  probe  heights  where  It  was  available. 

The  thickness  of  the  model  £S  ^pSture  i 

vas  inferred  from  the  profile  oonarallv  extended  well  beyond 

value  (TILO).  The  boundary  layer  surveys  temperatures 

the  estimated  boundary-layer  thickne.  shock  layer)  remained 

measured  above  the  boundary- layer  8  vicHoh-t  The  height  *  ' 

rsss  - 

"overshoot"  STSTLSEit- 

^velocity  ratio^loca^velocity-to-velocity  at  the  edge)  was  then^ 

3,3  UNCERTAINTY  OF  MEASUREMENTS 

Standards  (MBS),  Ref.  6.  Heaaurement  uncertaiuty  (0)  is  a  cornhln 
of  bias  and  precision  errors  defined  as: 

U  -  ±  (B  +  tg5S) 

where  B  is  the  bias  limit ,^S  ^^^^^^^^St^dlnt’r^’distribution 
ihlc^fo^degreerof  freedom  greater  than  30  equals  2^  . r~r 


Estimates  of  the  measured  data  uncertainties  for  this  test,  including 
the  basic  hot-wire  anemometer  measurements  included  in  this  report,  are 
given  in  Table  2a,  b.  Estimates  of  uncertainties  in  flow  fluctuations 
derived  from  the  hot-wire  anemometer  measurements  and  in  other  calculated 
flow  survey  parameters  fall  outside  the  scope  of  this  project  effort.  In 
general,  measurement  uncertainties  are  determined  from  in— place  cali¬ 
brations  through  the  data  recording  system  and  data  reduction  program. 

The  propagation  of  the  estimated  bias  and  precision  errors  of  the 
measured  data  through  the  data  reduction  and  analysis  was  made  in 
accordance  with  Ref.  6,  and  is  summarized  in  Table  2c. 


...  .  .  . . 4.0  DATA  PACKAGE  PRESENTATION 

Boundary-layer  profile  data,  model  surface  data,  probe  calibration 
data,  and  basic  hot-wire  anemometer  data  from  the  test  were  reduced  to 
tabular  and. graphical  form  for  presentation  as  a  Data  Package.  Examples 
of  the  basic  data  type  tabulations  are  shown  in  Appendix  III. 

Illustrations  of  the  heat  transfer,  rate  distribution  data  and  the 
qualitative  hot-wire  anemometer  profile  results  are  shown  in  Figs.  9  and 
"10,  respectively.  Figure  11  is  an  example  of  the  mean  flow  boundary- 
layer  9urvey  results  for  the  10%  bluntness  configuration  at  a  particular 
survey  station.  The  tabulations  in  the  appendix  correspond  to  these 
plotted  data.  .  -  .  . 
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